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In re the Continuing Application of: 

Applicant: Talwaretal. Examiner: TBA 

Application No.: HEREWITH Group Art Unit: TBA 

Filing Date: HEREWITH 

[Continuation of Serial No. 09/152,932 filed September 14, 1998] 

For: ORALLY ADMINISTERED CONTROLLED DRUG 

DELIVERY SYSTEM PROVIDING TEMPORAL AND 
SPATIAL CONTROL 

PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents 
Washington, DC 22031 

Prior to calculation of the fee for and examination of the enclosed Continuing 
Patent Application, kindly amend same as follows: 

In the specification : 

On page 38, in Table 23 at approximately line 12, in the uppermost cell of the 
third column, delete the word "drug" and insert in its place - tablet — . 

In the claims : 

Amend claim 1 as follows: 

1. (Once Amended) A homogenous pharmaceutical composition in the form of 
single layer tablets or capsules which constitutes an oral controlled drug delivery system, 
comprising a drug, a gas generating component, a swelling agent, a viscolyzing agent, 
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and optionally a gel forming polymer, said pharmaceutical composition providing a 
combination of temporal and spatial control of drug delivery when ingested by a patient, 
for controlled release of the drug in the stomach or upper part of the small intestine . 

Amend claim 33 as follows: 

33. (Once Amended) A homogenous pharmaceutical composition in the form of 
single layer tablets or capsules for the controlled delivery of a drug, comprising the drug 
in an amount suitable for sustained release to a patient, about 5 to about 50% by weight 
of a gas generating component, about 5 to about 50% by weight of a swelling agent, 
about 0.1% to about 30% by weight of a viscolyzing agent, and optionally about 0.1% to 
about 20% by weight of a gel forming polyme r, for controlled release of the drug in the 
stomach or upper part of the small intestine . 

Cancel claims 47-50, without prejudice to their prosecution in the currently pend- 
ing parent application. 

In the abstract : 

On page 51 at line 10, delete the words "float so that it is" and insert in their place 


Dated: July 2, 1999 

Ranbaxy Laboratories Limited 
600 College Road East, Suite 2100 
Princeton, New Jersey 08540 
(609) 720-5608 


- be --. 


Respectfully submitted, 



Attorney for Applicants 
Jayadeep R. Deshmukh 
Reg. No. 34,507 
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ORALLY ADMINISTERED CONTROLLED DRUG DELIVERY 
SYSTEM PROVIDING TEMPORAL AMD SPATIAL CONTROI 

10 

BACKGROUND OP THE INVENTION 

The present invention relates to a pharmaceutical composition in the form of tablets 

: ;; si 

or capsules which provides a combination of spatial and temporal control of drug delivery 
1 5 tola patient for effective therapeutic results. The pharmaceutical composition comprises an 
apfive ingredient or drug, a gas generating component, a swelling agent, a viscolyzing 
agent, and optionally a gelling polymer. The swelling agent belongs to a class of highly 
absorbent compounds commonly referred to as superdisintegrants. This class of 
expounds includes, for example, cross-linked polyvinyl pyrrolidone and cross-linked 
20 sbclium carboxymethylcellulose. The viscolyzing agent is a highly viscous material which 
upon contact with gastric fluid entraps the gas produced by the gas generating component. 
The viscolyzing agent consists of, for example, a carbohydrate gum. The gelling polymer is 
preferably a cross-linkable gelling polymer, such as a water soluble salt of one or more 
polyuronic acids, e.g., sodium alginate. 
25 The improved controlled drug delivery system of the present invention is designed to 

deliver effectively a drug to a patient over a specific time period {temporal control) and 
from a particular portion of the patient's gastrointestinal tract (spatial control). The 
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improved controlled drug delivery system avoids dose dumping and results in the most 
therapeutic administration of a particular drug to a person with a particular ailment. 

It is well known to those skilled in the art that for ailments requiring multiple doses 
of a particular drug, the blood levels of a drug need to be maintained above its minimum 
5 effective level and below its minimum toxic level in order to obtain the desired therapeutic 
effects, to avoid undesired toxic effects, and to minimize side effects. When the blood 
levels of a drug are in this range, the drug is eliminated from the body at a particular rate. A 
controlled drug delivery system is usually designed to deliver the drug at this particular 
rate; safe and effective blood levels are maintained for a period as long as the system 
10 continues to deliver the drug at this rate. Controlled' drug delivery usually results in 

substantially constant blood levels of the active ingredient as compared to the uncontrolled 
Actuations observed when multiple doses of quick releasing conventional dosage forms 

"i 

are administered to a patient. Controlled drug delivery results in optimum therapy, and not 
only reduces the frequency of dosing, but may also reduce the severity and frequency of 
1 5 side effects. 

The above basic concepts of controlled drug delivery are well known to those skilled 
in the art. Considerable efforts have been made in the last decades to develop new 
pharmaceutically viable and therapeutically effective controlled drug delivery systems. 
Attention has been focused particularly on orally administered controlled drug delivery 
20 systems because of the ease of administration via the oral route as well as the ease and 
economy of manufacture of oral dosage forms such as tablets and capsules. A number of 
different oral controlled drug delivery systems based on different release mechanisms have 
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been developed. These oral controlled drug delivery systems are based on different modes 
of operation and have been variously named, for example, as dissolution controlled 
systems, diffusion controlled systems, ion-exchange, resins, osmoticaliy controlled systems, 
erodibie matrix systems, pH-independent formulations, swelling controlled systems, and the 
5 like. 

An orally administered controlled drug delivery system encounters a wide range of 
highly variable conditions, such as pH, agitation intensity, and composition of the 
gastrointestinal fluids as it passes down the gastrointestinal tract. Ideally, an oral 

■s .1 

controlled drug delivery system will deliver the drug at a constant and reproducible rate in 
10 spite of the varying conditions. Considerable efforts have therefore been made to design 
oral controlled drug delivery systems that overcome these drawbacks and deliver the drug 
at a constant rate as it passes down the gastrointestinal tract- 

:': v 

It is well known to those skilled in the art that a drug may not be absorbed uniformly 
oyer the length of the gastrointestinal tract, and that drug absorption from the colon is 

1 5 usually erratic and inefficient. Also, certain drugs are absorbed only from the stomach or 
the upper parts of the small intestine. Furthermore, an important factor which may 
adversely affect the performance of an oral controlled drug delivery system is that the 
dosage form may be rapidly transported from more absorptive upper regions of the 
intestine to lower regions where the drug is (ess well absorbed. Therefore, in instances 

20 where the drug is not absorbed uniformly over the gastrointestinal tract, the rate of drug 
absorption may not be constant in spite of the drug delivery system delivering the drug at 
a constant rate into the gastrointestinal fluids. More particularly, in instances where a drug 
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has a clear cut "absorption window/ i.e., the drug is absorbed only from specific regions 
of the stomach or upper parts of the small intestine, it may not be completely absorbed 
when administered in the form of a typical oral controlled drug delivery system. It is 
apparent that for a drug having such an "absorption window/ an effective oral controlled 
5 drug delivery system should be designed not only to deliver the drug at a controlled rate, 
but also to retain the drug in the upper parts of the gastrointestinal tract for a long period 
of time* 

: i An oral controlled drug delivery system is described by Stockwell, A.F., et aL, in 
Journal Controlled Release , 3, 167-175 (1986), who disclosed a hydrocolloid calcium 
10 gelled alginate formulation which includes sodium bicarbonate. This composition was 
Investigated by Ingani et aL, in Int. J. Pharm ^ 35, 1 57-1 64 (1 987), who found that the 
bioavailability of riboflavin was increased as compared to a standard system. However, it 
ijSjknown that the use of alginate alone presents difficulties in tabletting, film coating, and 
storage. 

15 U.S. Patent No. 4,777,033, assigned to Teijin Limited, discloses an oral controlled 

release pharmaceutical composition comprising a lower alkyl ether of cellulose, polyacrylic 
acid or its pharmaceutically acceptable salt, a drug, and an effective amount of an 
effervescent foaming agent. The composition is intended to be retained in the stomach for 
a long time and to deliver the drug at a slow, controlled rate in order to exert its therapeutic 

20 effect for many hours. The compositions exemplified therein are either in the form of 
granules, granules filled in capsules, or tablets that break up into granules when subjected 
to the dissolution test specified in the Japanese Pharmacopoeia. 
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It is well accepted by those skilled In the art that granules are dissolved in a relatively 
shorter time than intact tablets because of their smaller size and increased surface area. 
Consequently, granules usually release drug in a shorter gastrointestinal transit time than 
intact tablets and are not well suited for a well-defined controlled drug delivery system. 
5 Thus, the composition disclosed in U.S. 4,777,033 which breaks up into granules does not 
provide the desired prolonged retention time at the site of absorption. A drug which is 
absorbed only from upper parts of the gastrointestinal tract would then be incompletely 

absorbed. Also, upon disintegration, a tablet yields a large number of granules and it is 

u . ■ 

naw. recognized by those skilled in the art that multiparticulate systems, such as pellets or 
10 granules, are distributed over the length of the gastrointestinal tract releasing the drug at 
tjjese different locations. Thus, the composition of U.S. 4,777,033 may not release the 
drug specifically in the upper parts of the gastrointestinal tract. Additionally, it may be 
difficult to obtain the desired rate of release for a drug that has a high water solubility. The 
rapid release of a large quantity of such a highly soluble drug, i.e., a dose dumping effect, 
1 5 is particularly undesirable in controlled drug delivery systems because such formulations 
contain several times the amount of drug in a conventional formulation. 

Japanese Patent No. 63-14715, assigned to Zeria Pharmaceutical Co., discloses a 
slow releasing pharmaceutical oral formulation comprising a high viscosity water soluble 
polymer, cross-linked insoluble polyvinylpyrrolidone, and a foaming component. The 
20 system is intended to release the drug slowly into the stomach. In the systems 

exemplified, the water soluble polymer includes cellulose derivatives or polyvinyl alcohol. 
For such systems sufficient quantities of water soluble polymers are required to prevent 
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disintegration of the tablets into granules. Thus, when a high dose medicament is to be 
incorporated into tablets based on this system, the size of the tablets would be large. 

U.S. Patent No. 5,651,985, assigned to Bayer AG, discloses a composition 
comprising a pharmacologically active compound, a pharmaceutical^ acceptable auxiliary, 
5 polyvinylpyrrolidone, and a methacrylic acid polymer having an acidic number between 100 
and 1 200 mg of KOH/g of polymer solid substance. Optionally, the composition also 
contains a gas forming additive. The composition absorbs many times its weight of acidic 
water and forms a highly swollen gel of high mechanical and dimensional stability- The gel 
forming agent should be sufficient so that after administration it can swell up to a size 
10 which prevents passage through the pylorous for a relatively long time. At least 30% by 
weight and up to 90% by weight of the composition comprises the polymers, and thus 
dosage forms containing a high dose medicament would be large and inconvenient for oral 
administration, 

•;{ Accordingly, none of the oral controlled drug delivery systems heretofore described 
1 5 is completely satisfactory. 

Objects of the present invention 

It is an object of the present invention to provide a pharmaceutical composition in 
the form of tablets or capsules which constitutes an oral controlled drug delivery system 
20 that: 
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a. generates and entraps a gas in a hydrated matrix upon contact with an 
aqueous medium or gastric fluids, and which retains a substantially monolithic 
form in the stomach, 

b. provides increased gastric residence and thereby a longer period of residence 
5 of the drug delivery system in the gastrointestinal tract, 

c. delivers the drug at a controlled rate such that the drug is delivered over a 
period of time which is the same as or less than the period of residence of the 

u delivery system in the absorptive regions of the gastrointestinal tract, and 

4 d. provides, as compared to other oral controlled drug delivery systems, 
10 :; 't increased absorption of a drug that is absorbed largely from the upper parts of 

n the gastrointestinal tract. 

u It is also an object of the present invention to provide a pharmaceutical composition 

'■ M 

constituting an oral controlled drug delivery system that maintains its physical integrity, 

' i i , 

i^L remains intact or substantially gains a monolithic form when contacted with an 

ir J' 

1 5 aqueous medium, even when the quantity of medicaments is large, and wherein the 
proportion of polymers is small compared to other components of the system. It is a 
further object of the present invention to provide a drug delivery system that incorporates a 
high dose medicament without the loss of any of its desirable attributes, as listed above, 
such that the system is of an acceptable size for oral administration. 

20 


4746/60794-001 NYU B 1/883336 v2 


7 


09/1 1/9B 01:01 PM (02) 


> JAN 12 '99 14:19 FR 


TO 5550157160972011 P. 09/55 


SUMMARY OF THE INVENTION 

The present invention provided a novel pharmaceutical composition in the form of 
tablets or capsules which composition constitutes an orally administered controlled drug 
delivery system. The pharmaceutical composition comprises a drug, a gas generating 
5 component, a swelling agent (e.g., cross-linked polyvinylpyrrolidone or cross-linked sodium 
corboxymethylcellulose) a viscolyzing agent (e.g., a carbohydrate gum), and {optionally} a 
gel forming polymer (e.g., sodium alginate). Optionally further, the novel pharmaceutical 
exposition also contains an additional hydrophilic water soluble polymer (e.g., 
hydroxypropyl methylcellulose). 

10 Preferably, the inventive oral controlled drug delivery system which is a 

pharmaceutical composition in the form of tablets or capsules comprises at least one drug, 
apbut 5 to about 50% by weight of the gas generating component, about 5 to about 50% 
W\ weight of the swelling agent, about 0.1 to about 30% by weight of the viscolyzing 
agpnt, and about 0.1 to about 20% by weight of the gel forming polymer- The 

15 pharmaceutical composition may also contain about 0.5 to about 20% by weight of the 
additional hydrophilic water soluble polymer. 

A pharmaceutical composition having such a combination of ingredients has not been 
disclosed earlier. Such a pharmaceutical composition is referred to herein at times as a 
Controlled Gas Powered System (CGPS). 

20 The swelling agents used herein (cross-linked polyvinylpyrrolidone or cross-linked 

sodium carboxy methylcellulose) belong to a class of compounds known as super- 
disintegrants which usually function to promote disintegration of a tablet by absorbing large 
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amounts of water and thereby swelling. This expansion, as well as hydrostatic pressure, 
cause the tablet to burst. In a tablet which also contains a gas generating component 
(which may actually be a gas generating couple), one would expect the tablet to 
disintegrate instantly upon contact with aqueous fluid, if not blow apart. Remarkably, it 
5 has been found that in the presence of an instantly acting viscoly2ing agent, the generated 
gas is entrapped and the superdisintegrant acts as a swelling agent which swells to, 
preferably, at least twice its original volume- Thus, the combination of the gas generating 
component, the swelling agent which is actually a superdisintegrant, and the viscolyzing 
a|fnt permit the Controlled Gas Powered System to act as a controlled drug delivery 
10 system. Additionally, with the passage of time, the gel forming polymer produces a cross- 
linked three-dimensional molecular network resulting in a hydrodynamically balanced 
system that is retained in the stomach and releases the drug over a sustained period of 
tihte. 

H Surprisingly, it has been found that the Controlled Gas Powered System of the 
1 5 present invention is retained for longer periods of time in the stomach (spatial control) than 
previously known hydrophilic matrix tablets, floating capsules and bioadhesive tablets when 
these systems are administered with food. Thus, the longer period of gastric retention as 
compared to other oral controlled drug delivery systems can be attributed to the use of the 
Controlled Gas Powered System as herein described.' The Controlled Gas Powered System 
20 results in release of the drug into the more absorptive regions of the gastrointestinal tract, 
i.e., into the stomach and the small intestine rather than into the large intestine where drug 


4746/60794-001 NYU8U883336 v2 


9 


09/11/98 01:01 PM (02) 


» JAN 12 '99 14:19 FR 


TO 5550157163972011 P. 11/55 


absorption is poor or erratic. Thus, one may expect that if the drug is released at a 
constant and controlled rate, it will also be absorbed at a more or less constant rate. 

Even more surprisingly, it has been found that even for a drug that is absorbed only 
from the upper gastrointestinal tract, i.e., from the stomach down to the jejunum, the 
5 Controlled Gas Powered System provides the desired absorption at a rate such that 
effective plasma levels are maintained for a prolonged duration and the system is suitable 
for once-daily administration (temporal control). Moreover, the system provides increased 
absorption of the drug as compared to other oral controlled drug delivery systems such as 
hydrophilic matrix tablets and floating capsules. This is achieved by adjusting the time 
10 period of release for the drug so that it is about the same as or less than the retention time 
of the tablets at the site of absorption. Thus, the system is not transported past the 
"ilsorption window" prior to releasing all of the drug, and maximum bioavailability is 
attained. 

:l In a preferred embodiment of the invention, a once daily formulation for the 
1 5 controlled release of ciprofloxacin comprises a pharmaceutical^ effective amount of 
ciprofloxacin, about 0.2% to about 0.5% sodium alginate, about 1 .0% to about 2.0% 
xanthan gum, about 10.0% to about 25% sodium bicarbonate, and about 10.0% to about 
25% cross-linked polyvinylpyrrolidone, the percentages being w/w percentages of the 
composition, wherein the weight ratio of sodium alginate to xanthan gum is between about 
10 1:1 and about 1 :10. The foregoing formulation may be in the form of a tablet or capsule, 
and may be coated with a film forming polymer or a pharmaceutical excipient. 
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BRIEF PESQRIPTIQN QF THE PRAWtfMQ 

Fig. 1 is a graph illustrating mean serum concentration vs. time for the drug 
ciprofloxacin free base (Table 3) and ciprofloxacin HCl (Table 1 )when incorporated in the 
oral controlled drug delivery system as compared to the presently marketed Cipro™ (Bayer 
5 Corp.) immediate release tablets. 

Figs. 2 and 3 are graphs illustrating mean serum concentration vs. time for 
ciprofloxacin free base when incorporated in the oral controlled drug delivery system 
afc£ording to Table 23 below as compared to Cipro™ immediate release tablets under fed 
and fasting conditions. 

10 y 

DETAILED DESCRIPTION OF THE INVENTION 

According to the present invention, the Controlled Gas Powered System (CGPS) 
includes a swelling agent, a gas entrapping viscolyzing agent, and optionally a gei forming 

•is 
i: "l 

pplymer. Together these components form a hydrated gel matrix. The CQPS further 
1 5 contains a gas generating component such that a gas (generally C0 2 but in some cases 
SO z ) is generated in a controlled manner and is entrapped in the hydrated gel matrix. The 
swelling agent which belongs to the class of compounds known as superdisintegrants, 
absorbs large amounts of fluid and causes the matrix to swell significantly. The gas 
generated by the gas generating component also causes matrix expansion. However, in the 
20 present invention, swelling of the matrix is controlled by the viscolyzing agent, which acts 
both as a swellabilrty and a drug release controlling agent. 
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The characteristics of the hydrated gel matrix can be modified by altering the ratios 
and amounts of the swelling agent, the viscolyzing agent, the gas generating component, 
and the optionally included gelling polymer without loss of physical integrity of the 
hydrated gel system. The composition can thus be designed to obtain the optimal rate of 
5 release of the drug. It has also been found that such a composition when administered 
with food is retained for longer periods in the stomach, and thereby in the gastrointestinal 
tract without loss of its physical integrity. 

the generated gas influences the drug delivery from the tablets or capsules in ways 
tfiit are currently not well understood. For example, factors that may influence drug 
10 delivery include: 


a. the presence of entrapped gas within the matrix can affect the diffusion path 
length of the drug and thus exerts a release-controlling effect; 


b. 


the presence of entrapped gas within the matrix can affect the rate of surface 


15 


erosion of the hydrated gel matrix end thus exerts both a hydrodynamic and a 


release controlling effect; 


c. 


the expanding pressure and the presence of the gas affects the internal 


structure of the hydrated gel and thus exerts both a hydrodynamic and a 


release controlling effect; 


10 


d. 


the presence of entrapped gas and its expanding pressure affects the influx of 


the acidic gastric fluid through the pores of the matrix and thus exerts a 


release-controlling effect; 
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It should be realized that gas generated in a small volume within the matrix can 
exert a high pressure. If this exceeds the capillary pressure due to the surface tension of 
the aqueous fluid, then it will cause the aqueous fluid in a pore to be pushed by the gas 
allowing the gas to expand until the internal gas pressure equals the capillary pressure. 
5 This phenomenon thus would affect the rate of hydration of the matrix and have a role in 
determining the rate of release of the drug. In systems which cross-link, it will also have 
an influence on the developing gel structurization. 

The various components of the novel Controlled Gas Powered System (CGPS) will 
nc£w be described in more detail. 

PRMG 

u According to the present invention, the pharmaceutical composition is in the form of 
t||lets or capsules that provide a controlled rate of delivery (i.e., temporal control) of at 
least one therapeutically active ingredient or drug. The drug may be pharmacologically or 

15 chemotherapeuticaliy active itself, or may be converted into a pharmacologically or 

chemotherapeutically active species by a chemical or enzymatic process in the body. The 
drug can be any drug for which therapy or chemotherapy would be improved as a result of 
controlled drug delivery* Examples of suitable drugs include antibiotics, anti-cancer, anti- 
fungals, anti-fibrial, and anti-viral agents. The present invention is particularly suitable for 

20 controlled rate of delivery of a drug that does not show uniform absorption characteristics 
throughout the length of the gastrointestinal tract* 
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The novel pharmaceutical composition is more particularly suitable for controlled 
delivery of drugs that are absorbed only from the upper parts of the gastrointestinal tract 
with a specific absorption window (i.e., spatial control}, for example, ciprofloxacin which is 
absorbed only from the region extending from the stomach to the jejunum. The 
5 pharmaceutical composition is also suitable for drugs that are absorbed by a saturable 
transport process because the drug is released in the upper parts of the gastrointestinal 
tract at a slow rate such that the transport process is not saturated and maximum 
bioavailability can be attained. In these cases, the system is not transported past the 
"absorption window" prior to releasing all the drug so that maximum bioavailability can be 
10 attained. 

Illustrative examples of drugs that are suitable for the present invention include 
antibacterial/anti-infective agents, such as ciprofloxacin, cefuroxime, cefatrizine, 
cifpodoxime, clarithromycin, loracarbef, azithromycin, cefixime, cefadroxil, amoxycillin, 

E|_ J; 

and the like; antivirals, such as acyclovir; cardiovascular agents, such as diltiazem, 
15 captopril, and the like; lipid lowering agents, such as simvastatin, lovastatin and the like; 
non-steroidal anti-inflammatory agents, such as etodolac, ketorolac, and the like; anti-ulcer 
agents, such as ranitidine, famotidine, and the like; drugs for respiratory diseases, such as 
fexofenadine, pseudoephedrine, phenylpropanolamine, dextromethorphan, 
chlorpheniramine, and the like; dopaminergic agents, such as bromocriptine; 
20 immunosuppressants, such as cyclosporin; skeletal muscle relaxants, such as baclofen; 
anti-gout agents, such as allopurinol; and the like. The drug itself or its pharmaceutical^ 
acceptable salt or ester may be used In the present invention. Moreover, combinations of 
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drugs that are typically administered together may be included as the drug component of 
the pharmaceutical composition. The amount of drug to be used in the composition is that 
which is typically administered for a given period of time. According to the present 
invention, the pharmaceutical composition can incorporate a high dose medicament. 
5 Accordingly, the amount of drug to be used in the present invention typically ranges from 
about 0.5 mg up to about 1 200 mg. 

GlCOS GENERATING COMPONENT 

■ U 

% i The gas generating component may consist of a single substance known to produce 
1 0 gas[ upon contact with gastric fluid, or may consist of a gas generating couple. Examples 

ol the gas generating component that may be used in the present invention include 
carbonates, such as calcium carbonate or sodium glycine carbonate, bicarbonates such as 
senium hydrogen carbonate or potassium hydrogen carbonate, sulfites, such as sodium 
sulfite, sodium bisulfite, or sodium metabisulfite, and the like. 

15 In those embodiments of the present invention where the pharmaceutical 

composition also contains a water soluble salt of one or more polyuronic acids (e.g., 
sodium alginate} as the gelling polymer, the gas generating component preferably should 
not include salts of calcium. 

The gas generating component interacts with an acid source triggered by contact 

20 with water or simply with gastric fluid to generate carbon dioxide or sulfur dioxide that gets 
entrapped within the hydrated gel matrix of the swelling composition* The gas generating 
component such as carbonates and bicarbonates may be present in amounts from about 
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5% to about 50%, preferably from about 10% to about 30%, by weight of the 
composition. These salts can be used alone or in combination with an acid source as a 
couple. The acid source may be one or more of an edible organic acid, a salt of an edible 
organic acid, or mixtures thereof. Examples of organic acids that may be used as the acid 
5 source in the present invention include, for example: citric acid or its salts such as sodium 
citrate or calcium citrate; malic acid, tartaric acid, succinic acid, fumaric acid, maleic acid, 
or their salts; ascorbic acid or its salts such as sodium or calcium ascorbate; glycine, 
sarcosine, alanine, taurine, glutamic acid, and the like. The organic acid salts that may be 
used as the acid source in the present invention include, for example, a mono-alkali salt of 
10 an organic acid having more than one carboxylic acid functional group, a bialkaii metal salt 
6fi8n organic acid having more than two carboxylic acid functional groups, and the like. 
The acid source may be present in an amount from about 0.5% to 15% by weight, 

pf&ferably from about 0.5% to about 10% by weight, and more preferably from about 0.5 

■ 'i j 

%ito about 5% by weight, of the total weight of the composition. 

15 
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SWELLING AGENT 

According to the present invention, the pharmaceutical composition contains a 
swelling agent which is capable of swelling to greater than its original volume and 
preferably to at least twice its original volume when coming into contact with a aqueous 
5 fluid, such a gastrointestinal fluid. Examples of swelling agents that may be used in the 
present invention include crass-linked polyvinylpyrrolidone, cross-linked 
carboxymethylcellulose sodium, sodium starch glycolate, and the like. These compounds 
tm long to the class of compounds known as superdisintegrants. Preferably, the swelling 
agent is cross-linked carboxymethylcellulose or cross* linked polyvinylpyrrolidone. The 

10 swelling agent, which normally swells to several times its original volume in water, exhibits 
aj controlled swelling in the presence of the viscolyzing agent. The swelling agent may be 
present in an amount from about 5% to about 50%, preferably from about 10% to about 
30%, and more preferably from about 10% to about 20%, by weight of the total weight of 
th| composition. 

15 V\$QQV(Z\m AQENT 

According to the present invention, the pharmaceutical composition contains a 
viscolyzing agent which, upon contact with gastrointestinal fluid, instantaneously 
viscolyzes to trap the gas generated by the gas generating component. Preferably, the 
viscolyzing agent comprises of a carbohydrate gum. Examples of carbohydrate gums that 

20 may be used in the present invention include xanthan gum, tragacanth gum, gum karaya, 
guar gum, acacia, and the like. In the present invention, it has been found that a 
carbohydrate gum helps in maintaining tablet integrity when stirred in an aqueous medium, 
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and fn sustaining the release of the drug even when its concentration is low (below 1 0% 
by weight) to very low (below 3% by weight). When the present invention is in the form 
of capsules, the pharmaceutical composition upon being agitated in an aqueous medium 
forms a non-disintegrating capsule-shaped plug which maintains its physical integrity. 
5 The successful use of even low amounts of a viscolyzing agent such as a 

carbohydrate gum in providing tablet integrity is indeed surprising in view of the fact that 
the pharmaceutical composition of the present invention contains a gas generating 
component and a swelling agent which is most frequently employed as a disintegrant. 
Thbse skilled in the art can well recognize that both components can result in rapid 
10 disintegration of tablets. Tablets containing hydroxypropylcellulose in amounts 

aspproximately the same as the amounts of carbohydrate gum in the present invention 
disintegrate in 1 0 to 1 5 minutes when stirred in an acidic medium. Such disintegration 
cph result in a dose dumping effect, i.e., rapid delivery of a large quantity of drug from the 
system, and is undesirable particularly because controlled drug delivery systems contain 
15 several times the amount of drug in a conventional formulation- Granules formed as a 
result of the disintegration are also emptied from the stomach in a shorter time than intact 
tablets. The present invention avoids such disintegration with the use of small quantities 
of a viscolyzing agent, such as a heteropolysaccharide gum, so that tablets or capsules 
containing a high dose medicament are of an acceptable size to be taken orally. 
20 In preferred embodiments of the present invention, the viscolyzing agent is xanthan 

gum. Xanthan gum, also known as corn sugar gum, is a high molecular weight (ca. 2 x 
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1 0 6 ) biosynthetlc polysaccharide gum produced by a pure-culture aerobic fermentation of 
carbohydrate with Xanthomonas, campestriS. It is extraordinarily enzymatically resistant. 

In preferred embodiments of the present invention, the xanthan gum has a particle 
size such that at least 50% by weight passes through a sieve with 44 fixxx mesh aperture 
5 (Sieve No. 325, ASTM). In more preferred embodiments, the xanthan gum has a particle 
size such that all of it passes through a 44 pm mesh aperture (Sieve No. 325, ASTM}. 

Generally, the viscolyzing agent is present in an amount from about 0.1 % to about 
3p% by weight of the total weight of the composition, preferably from about 0.1 % to 
a|out 10%, and more preferably from about 0.1 % to about 7%, by weight of the total 
1 0 vvjeight of the composition. 

GEL FORM1MG Pfll VMFR 

U According to the present invention, the pharmaceutical composition optionally 
contains a gel forming polymer which is preferably a. water soluble salt of one or more 

15 polyuronic acids. The gel forming polymer cross-links with time to form a stable structure 
which entraps the generated gas. Thus, with the passage of time, the gel forming polymer 
results in a hydrodynamically balanced system whereby the matrix is retained in the 
stomach for an extended period of time. Simultaneously, the viscolyzing agent and gel 
forming polymer provide a tortuous diffusion pathway for the drug, thereby resulting in 

20 controlled drug release. Examples of water soluble salts of polyuronic acid that may be 
used in the present invention include alkali metal salts of alginic acid, alkali metal salts of 
pectic acid, and the like. In preferred embodiments of the present invention, the water 
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soluble salt of polyuronic acid is a salt of alginic acid, which is actually a mixture of two 
polyuronic acids, namely, mannuoronic acid and guluronic acid. Examples of alkali metal 
salts of alginic acid that may be used in the present invention include sodium alginate, 
potassium alginate, ammonium alginate, and the like- A mixture of the same or different 
5 alginic acid salts of the same or different viscosities may be used. 

According to the present invention, when the pharmaceutical composition contains a 
water soluble salt of one or more polyuronic acids preferably a salt of alginic acid, it should 
fe§ free of calcium ions. Accordingly, the pharmaceutical composition of the present 
invention should not contain calcium alginate. It Is found that the presence of a salt of 

':, i 

10 alginic acid improves the entrapment of gas within the matrix. Alginate salts can also 
modify the rate at which a drug is released into acidic gastric fluids from matrices 
containing a carbohydrate gum. 

1 3 Generally, the gel forming polymer, such as a salt of alginic acid, is present in an 
anfiount from about 0.1% to about 20%, preferably from 0.1 % to about 10%, and most 
1 5 preferably from about 0.5% to about 5%, by weight of the total weight of the 
composition* 

HYDROPHIUC WATER SOLUBLE POLYMER 

According to the present invention, the pharmaceutical composition may also contain 
20 a hydrophilic water soluble polymer in addition to the salt of polyuronic acid. Examples of 
a hydrophilic water soluble polymer that may be included in the composition of the present 
invention include hydroxypropyl methylcellulose, hydroxypropylcellulose, polyacrylic acid, 
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and the like, in one preferred embodiment the hydrophilic polymer is a cross-finked 
polyacryfic acid polymer such as is available under the brand name Carbopol (B.F.Goodrich, 
U.S.A.). These hydrophilic polymers are useful in the present invention in modifying the 
rate of release of the drug from the composition* 
5 The hydrophilic polymer may be present in an pmount from about 0.5% to about 

20%, preferably from about 0.5% to about 10%, and more preferably from about 0.5% to 
about 5%, by weight of the total weight of the composition. 

OTHER EXP1P1ENTS 

10,1 The pharmaceutical composition may also contain other conventional pharmaceutical 
excipients, for example, water soluble diluents such as lactose, dextrose, mannitol, 
sorbitol, and the like; water insoluble diluents such as starch, microcrystalline cellulose, 
powdered cellulose, and the like; or lubricants such as talc, stearic acid or its salt, 
rriiaignesium stearate, and the like. According to the present invention, when the 

: !. J' 

1 5 pharmaceutical composition contains a water soluble salt of one or more polyuronic acids, 
the other pharmaceutical excipients preferably should be free of calcium ions. 

PROCESS FOR PREPARATION 

According to the present invention, the pharmaceutical composition is prepared by 
20 mixing the drug with the gas generating component, the swelling agent, the gas entrapping 
viscolyzing agent and the optionally included gel forming polymer, plus other excipients and 
lubricants. The blend is directly compressed into tablets or may be filled into capsules. 
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Alternatively, the pharmaceutical composition is prepared by mixing the foregoing 
ingredients with only one-half of the lubricants. The mixture is roll compacted and then 
sieved to obtain granules. The granules are then mixed with the remaining lubricants, and 
filled into capsules or compressed into tablets. 

5 

CPATIN6 

According to the present invention, when the pharmaceutical composition is in the 
form of tablets, it may be coated with a thin layer of a rapidly dissolving water soluble 

i.- 1 

polymer or pharmaceutical excipient. A coating of a water soluble excipient results in 
10 fafjster hydration and gas formation than a coating of water soluble polymer and is the 
preferred coating. In cases where a polymeric coating is required, a low molecular weight, 

low viscosity polymer is the preferred material. 

.* r i 

J* Examples of water soluble pharmaceutical exclpients include lactose, sucrose, 
dsjxtrose, mannitol, xylitoU and the like* In a preferred embodiment of the present 
1 5 invention, the water soluble excipient used as a coating is lactose. 

The tablets may be coated to a weight build-up of about 1 % to about 4%, 
preferably, about 1 % to about 2%. The coating also helps in masking any bitter taste 
associated with the drug. 

The present invention is illustrated by, but is by no means limited to, the following 
20 examples : 
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EXAMPLE 1 

This example illustrates the present invention when the active ingredient is 
ciprofloxacin hydrochloride. Ciprofloxacin is an example of a drug which is absorbed only 
from the upper part of the intestine. The pharmaceutical composition is given in Table 1 . 


TA EIE _1 


Ingredient 

Weight 
(mg/tablet) 

% w/w 

Ciprofloxacin hydrochloride monohydrate 

598.47 

55.16 

Xanthan Gum (Keltrol TF) 

20.00 

1.84 

Sodium alginate (Keltone LVCR) 

15.00 

1.38 

Cross-linked carboxymethylcellulose (Ac-Di- 
Sol) 

110.00 

10.14 

Sodium bicarbonate 

230.00 

21.20 

Microcrystalline cellulose (Avicei PH 101) 

16.53 

1.52 

Sodium Chloride 

25.0 

2.30 

Citric Acid 

20.0 

1.84 

Cross-linked polyacrylic acid (Carbopol 
971 P) 

10.0 

0.93 

Talc 

10.00 

0.93 

Magnesium Stearate 

20.00 

1.84 

Aerosil 

10.00 

0.93 

Total 

1085.00 

100% 


Ciprofloxacin, xanthan gum, sodium alginate, cross-linked carboxymethylcellulose, 
25 sodium bicarbonate, microcrystalline cellulose, sodium chloride, citric acid, and half of the 
lubricants were mixed together and sieved through a sieve (British Standard Sieve (BSS) No. 
44). The blend was compacted on a roll-compactor and the compact sieved through a sieve 
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{BSS No. 22) to obtain granules. The granules were mixed with the remaining lubricants and 
Carbopol and then compressed into tablets. The tablets were spray coated with an aqueous 
coating composition containing 15.8% w/w lactose, 3.18% w/w talc, and 1.587% w/w 
titanium dioxide to a weight build up of 1% to 1.5%. 

The tablets were tested for dissolution in 0.1 N HCI using USP Apparatus 1 with basket 
speed at 100 rpm. The dissolution results are given in Table 2. 

TABLE 2 


Time (hrs) 

Cumulative Percent 
Release 

1 

21.16 

2 

33.22 

4 

58.72 

6 

74:6 

8 

85.83 

10 

93.58 
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EXAMPLE 2 

This example illustrates the present invention when the active ingredient is ciprofloxacin 
5 base. The pharmaceutical composition is given in Table 3. 


TABLE 3 


Ingredient 

Weight 
(mg/tablet) 

% w/w 
of tablet 

% w/w 
of drug 

Ciprofloxacin base 

1000.00 

71.43 

100.0 

Xanthan Gum (Keltrol TF) 

15.00 

1.07 

1,5 

Sodium alginate (Keltone LVCR) 

10.00 

0.71 

1.0 

Cross-linked polyvinylpyrrolidone 
{Kollidon CL-M) 

150.00 

10.71 

15.0 

Sodium bicarbonate 

200.00 

14.28 

20.0 

Magnesium Stearate 

' 15.00 

1.07 

1.5 

Talc 

10.00 

0.71 

10.0 

Total 

1400.00 

100 



U The tablets were prepared and tested for dissolution as described in Example 1 . The 
dissolution results are given in Table 4. 
20 TAEIE 4 


Time (hrs) 

Cumulative Percent Release 

1 

24.9 

2 

37.8 

4 

60.5 

6 

80.6 

8 

85.4 

10 

98.8 
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EXAMPLE 3 

This example illustrates the present invention when the active ingredient is ciprofloxacin 
hydrochloride. The pharmaceutical composition is given in Table 5. 
5 TABLE 5 


Ingredient 

Weight 
(mg/tablet) 

% w/w 

Ciprofloxacin hydrochloride monohydrate 

600.00 

61.54 

Xanthan Gum (Keltrol TF) 

10.00 

1.02 

Sodium alginate (Keltone LVCR) 

25.00 

2.57 

Cross-linked carboxymethylcellulose (Ac-Di- 
Soi) 

60.00 

6.16 

Sodium bicarbonate 

250,00 

25.64 

Microcrystalline cellulose (Avicel PH 101) 

15.00 

1.54 

Talc 

5.00 

0.52 

Magnesium Stearate 

10.00 

1.02 

Totat 

975.00 

100% 


J:=j The tablets were prepared as described in Example 1 except that Ac-Di-Sol was 
incorporated extragranularly. Tablets were tested for dissolution as described in Example 
20 1 . The dissolution results are given in Table 6. 


TABLE 6 


Time (hrs) 

Cumulative Percent 
Release 

1 

28.16 

2 

38.32 

4 

52.37 

6 

64.03 

8 

74.23 

10 

82.80 
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EXAMPLE 4 

This example illustrates the present Invention when the active ingredient is acyclovir. 
Tablets were prepared according to the composition given in Table 7, 
5 TA PIE 7 


Ingredient 

Weight 
(mg/tablet) 

% w/w 

Acyclovir 

525.00 

69.54 

Xanthan Gum (Keltrol TF) 

35.00 

4.64 

Sodium alginate (Keltone LVCR) 

25.00 

3.31 

Cross-linked polyvinylpyrrolidone (Kollidon 
CL-M) 

80.00 

10.60 

Sodium bicarbonate 

75.00 

9.93 

Magnesium Stearate 

8.00 

1.06 

Talc 

7.00 

0.93 

Total 

755.00 

100% 


N Tablets were prepared and tested for dissolution as described in Example 1 . The 
dissolution results are given in Table 8. 


TABLE 8 


Time (hrs) 

Cumulative Percent 
Release 

1 

24.68 

2 

33.42 

4 

43.02 

7 

51.52 
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EXAMPLE 5 

This example illustrates the present invention in capsule form when the active ingredient 


5 is acyclovir. The pharmaceutical composition is given in Table 9. 

TABLE 9 



Ingredient 

Weight 
(mg/tablet) 

% w/w 


Acyclovir 

400.00 

69.55 


Xanthan Gum (Keltrol TF) 

26.65 

4.64 


Sodium alginate (Keltone LVCR) 

19.04 

3.32 

M 

Cross-linked polyvinylpyrrolidone 
(Koliidon CL-M) 

60.93 

10.60 

' * ' I. J 

Sodium bicarbonate 

57.12 

9.93 


Magnesium Stearate 

6.09 

1.06 

15 i! ■ 

Talc 

5.33 

0.93 


Total 

575.16 

100% 


i j 

"i Acyclovir, xanthan gum, sodium alginate, cross-linked polyvinyl pyrrolidone, sodium 
20 bicarbonate, and half of the lubricants were passed through a sieve (BSS No. 44} and 
slugged using 1 6mm punches and the slugs were passed through a sieve (BSS No. 22), 
The granules were mixed with the remaining half of the lubricants and filled into capsules. 
The capsules were tested for dissolution as described in Example 1 . The dissolution results 
are given in Table 10. 

25 
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TABLE 10 


Time (hrs) 

Cumulative Percent Release 

1 

9.52 

2 

1 6.48 

4 

24.82 

6 

34.42 

8 

42.38 

10 

51.20 


n 
u 
u 

X: SJ 

y 
i*. 

n 
n 

a 
rj 
u 
u 
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EXAMPLE 6 

This example illustrates the present invention when the active ingredient is diltiazem 
hydrochloride. The pharmaceutical composition is given in Table 1 1 . 
5 TABLE 11 


10 


Ingredient 

Weight 
(mg/tablet) 

% w/w 

Diltiazem Hydrochloride 

240.00 

41.52 

Xanthan Gum (Keltrol TF) 

160.00 

27.68 

Sodium alginate (Keltone LVCR) 

80.00 

13.85 

Cross-linked polyvinylpyrrolidone (Kollidon 
CL-M) 

40.00 

8.65 

Sodium bicarbonate 

50.00 

6.92 

Magnesium Stearate 

4.00 

0.69 

Talc 

4.00 

0.69 

Total 

578.00 

100% 


Tablets were prepared and tested for dissolution as described in Example 1. The 
dissolution results are given in Table 12. 
20 TABLE 12 


Time (hrs) 

Cumulative Percent 
Release 

1 

12.60 

2 

19.23 

4 

29.87 

6 

39.33 

10 

54.43 

12 

60.50 

15 

68.80 


30 
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EXAMPLE 7 

This example illustrates the present invention when the active ingredient is diltiazem 
hydrochloride. The pharmaceutical composition is given in Table 13. 
5 TABLE 13 


Ingredient 

Weight 
(mg/tablet) 

% w/w 

Diltiazem Hydrochloride 

240.00 

52.40 

Xanthan Gum (Keltrol TF) 

80.00 

17.46 

Sodium alginate (Keltone LVCR) 

40.00 

8.73 

Cross-linked polyvinylpyrrolidone (Kollidon 
CL-M) 

40.00 

10.92 

Sodium bicarbonate 

50.00 

8.73 

Magnesium Stearate 

4.00 

0.87 

Talc 

4.00 

0.87 

Total 

458.00 

100% 


Tablets were prepared and tested for dissolution as described in Example 1 . The 
dissolution results are given in Table 14. 
20 TABLE 14 


Time (hrsj 

Cumulative Percent 
Release 

1 

26,80 

2 

33.28 

4 

45.00 

6 

54.60 

8 

62.58 

10 

70.38 

12 

76.80 


30 
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EXAMPLE 8 

This example illustrates the present invention when the active ingredient is ranitidine 
hydrochloride. The pharmaceutical composition is given in Table 1 5. 
5 TAPIE 15 


Ingredient 

Weight 
(mg/tablet) 

% w/w 

Ranitidine Hydrochloride 

300.00 

66.67 

Xanthan Gum (Keltrol TF) 

20.00 

4.44 

Sodium alginate (Keltone LVCR) 

20.00 

4.44 

Cross-linked carboxymethylcellulose 

50.00 

11.11 

Sodium bicarbonate 

50.00 

11.11 

Magnesium Stearate 

5.00 

1.11 

Talc 

5.00 

1.11 

Total 

450.00 

100% 


Tablets were prepared and tested for dissolution as described in Example 1* The 
dissolution results are given in Table 1 6. 


TABLE 16 


Time (hrs) 

Cumulative Percent 


Release 

1 

34.97 

2 

48.37 

4 

65.27 

6 

75.87 

8 

84.37 
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EXAMPLE 9- 

This example illustrates the present invention when the active ingredient is Captopril. 
The pharmaceutical composition is given in Table 1 7. 

5 


T A P 15 .17 


I Ingredient 

Weight 
(mg/tablet) 

%w/w 

Captopril 

100.00 

37.88 

Xanthan Gum (Keltrol TF) 

50.00 

18,94 

Sodium alginate (Keltrol LVCR) 

25.00 

9.47 

Avicel PH 102 

24.00 

9.10 

Sodium starch gycolate (Primogel) 

30.00 

11.37 

$edium bicarbonate 

30.00 

11.37 

Magnesium Stearate 

3.00 

1.14 

Talc 

2,00 

0,76 

total 

264.00 

100% 


Tablets were prepared and tested for dissolution as described in Example 1. The 


dissolution results are given in Table 1 8. 

20 

TABLE 18 


Time (hrs) 

Cumulative Percent 
Release 

1 

35.15 

2 

57.33 

4 

82.72 

6 

98.03 
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EXAMPLE 10 

Gastric Retention Studies 
5 This example demonstrates that the Controlled Gas Powered System prepared according 

to the present invention is retained for longer periods Ihan hydrophilic matrix tablets, floating 
capsules and bioadhesive tablets. 

The bioadhesive tablet was prepared as a bilayer tablet . The drug layer composition 
is given in Table 1 9, and the bioadhesive layer composition is given in Table 20. 
10 U IABLEJL9 ' 


Ingredient 

Weight 
(mg/tablet) 

Ciprofloxacin hydrochloride monohydrate 

599.99 

Hydroxypropylcellulose-L 

20.00 

Disodium hydrogen phosphate 

25.00 

Citric Acid 

25.00 

Talc 

7.00 

Magnesium Stearate 

15.00 

Aerosil 200 

10.00 

Total 

701.99 
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TABLE 20 


Ingredient 

Weight 
(mg/tabiet) 

Hydroxypropyl methylcellulose (Methocef K4M) 

215.00 

Cross-linked polyacrylic acid (Carbopoi 934 P) 

75.00 

Dicalcium phosphate 

145.00 

Sodium benzoate 

8.00 

Talc 

2.00 

Aerosil-200 

2.50 

Sunset Yellow 

2.50 

Total 

450.00 


i ] The tablets were prepared by conventional steps of mixing, roll compaction, sieving, 
blending with the lubricants and compression into bMayered tablets. 70 mg of barium 
1 5 sulphate was incorporated into the bioadhesive layer to function as x-ray contrast medium. 
Gastric retention studies of the bioadhesive bMayered tablets were done on healthy male 

volunteers who were given two tablets following a standard breakfast. X-ray images were 

it .i 

recorded periodically. The bioadhesive tablets were retained in the stomach for 2.5 to 3.5 hrs. 
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Hydrophilic matrix tablets with the composition given in Table 21 were also prepared. 


f n nrarf i a nt 
iiiyiouitsiii 

(mg/tablet) 

Ciprofloxacin hydrochloride monohydrate 

599.99 

Hydroxypropyl methylcellulose (Methocel K4M) 

20.00 

Hydroxypropylcellulose-L 

40.00 

Citric Acid 

25.00 

Disodium hydrogen phosphate 

25.00 

Talc 

10.00 

Magnesium Stearate 

10.00 

Total 

729.99 


70mg of barium sulfate was also incorporated into the above composition. The tablets 

i J 

Wfcre prepared by conventional steps of mixing, roll compaction, sieving, blending with the 
1 5 lubricants and compression into tablets. 

r f Floating capsules with the composition given in Table 22 were also prepared. 

TABLE 22 ' 


Ingredient 

Weight 
(mg/capsule) 

Ciprofloxacin hydrochloride monohydrate 

599.99 

Hydroxypropyl methylcellulose 
(Methocel K4M) 

30.00 

Hydroxypropylce!lulose-L 

30.00 

Citric Acid 

5.00 

Disodium hydrogen phosphate 

5.00 

Talc 

4.00 

Magnesium Stearate 

6.00 

Total 

679.99 
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50 mg of barium sulphate was incorporated into the above composition. Gastric 
retention studies were done on healthy male volunteers who were given two tablets/capsules 
after a standard breakfast. X-ray images were recorded periodically. The hydrophilic matrix 
tablets were retained for 2 to 2.5 hrs, and the floating capsules for 3,5 to 4,5 hrs. Gastric 
5 retention studies were also done on the Controlled Gas Powered System having the 
composition given in Example 1 . The volunteers were given two tablets after a standard 
breakfast. Magnetic resonance imaging confirmed that the tablets according to the present 
invention were retained in the stomach for a period of 5 to 7 hrs, 

l -{ In another experiment, a randomized, three-treatment, three period, cross-over pilot 
10 bioavailability study was conducted for formulation A (two ciprofloxacin hydrochloride 500 mg 
tablets, for once-daily administration, prepared according to Example 1), formulation B 
(Ciprofloxacin free base 1000 mg tablets, for once-daily administration, prepared according to 

' "i 

Example 2), and reference formulation R (Cipro™ (Bayer Corp.) 500 mg immediate release 
tablets given twice daily). The tablets were administered 30 minutes after a standard 

1 5 breakfast, The mean serum concentration-time profile is given in Figure 1 . Both the once-daily 
formulations (A and B) gave an extent of absorption comparable to the immediate release 
tablets (Rh Thus, it can be inferred that the time period of release of drug into gastric fluid 
was adjusted such that it was about the same as or less than the retention time of the 
tablets at the site of absorption- Furthermore, formulation B gave a serum concentration time 

20 profile that would be desirable for a once-daily formulation in that the peak serum 
concentration was comparable to that for the immediate release drug, and the effective serum 
concentrations of the drug were maintained for longer periods. 
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EXAMPLE 11 

In some respects, formulation B of the prior Example did not give as good results as the 
twice-daily Cipro™ 500 mg tablets. For example, the Area Under the Curve above the 
Minimum Inhibitory Concentration (AUC above MIC) for formulation B was less than that of 
5 conventional Cipro™ tablets. 

An improved once-daily 1,000 mg ciprofloxacin free base formulation (the "OD" 
formulation) was developed, the composition of which is given in Table 23. In the OD 
formulation, the amount of gel forming polymer (sodium alginate) is about one-half that of 

s 1 ■ '■ 

formulation B (0.49% vs. 1 .0%). 
10 J j TABLE 23 . 


Ingredients 

Weight 
(mg/tablet) 

% w/w of the 
drug 

Ciprofloxacin base 

1000.0 

69.9 

Sodium alginate 

5.0 

0.34 

Xanthan gum 

' 15.0 

1.03 

Sodium bicarbonate 

200.0 

13.74 

Cross-Linked polyvinyl pyrrolidone 
(Kollidon CL-M) 

176.8 

12.15 

Magnesium stearate 

33.0 

2.26 

Talc 

10.0 

0.68 I 

Total 

1440 

100 | 


Tablets were prepared from the components in Table 23 and tested for dissolution as 
25 described earlier. Remarkably, it was observed that the in vitro dissolution profile of the OD 
formulation (Table 24) was much faster releasing than formulation B. Thus, more than 80% 
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of the drug in the OD tablets was released within 4 hours as compared to 8 hours for 
formulation B. Compare Table 23 with Table 24. . 

TABLE 24 


5 


Time (hrs. 

Cumulative percent 


Release 

1 

35.49 

2 

53.61 

4 

82.33 

6 

98.72 


I j The mean stomach retention of the OD tablets was studied by magnetic resonance 
imaging and was found to be 5.33 hours which correlated well with the 6 hour dissolution 
pfdfile of these tablets. 

In order to compare the pharmacokinetic and pharmacodynamic parameters of this once 
15 dajly formulation, a randomized, three period, balanced crossover bioavailability study was 
conducted in 12 healthy, adult male human subjects, between 18-45 years of age where one 
dose of ciprofloxacin 1000 mg OD tablets was administered 30 minues after a standard high 
fat breakfast. The immediate release Cipro™ tablets were tested under both fed and fasted 
conditions. 

20 Under fed conditions, two oral doses of 500 mg immediate release Cipro™ tablets were 

given. The first oral dose was given within 30 rnins. of a high fat breakfast and the second 
dose was given 1 2 hours later after a high fat meal (dinner). 
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Under fasted conditions, two oral doses of 500 mg tablets of the Cipro™ immediate 
release tablets were administered. The first oral dose was given after an overnight fast, and 
the second oral dose was given 1 2 hours later but four hours after a light meal. 

The results of the study are shown in Figs. 2 and 3, where Fig. 2 shows the serum 
5 concentration over time of the OD tablets (fed) vs. Cipro™ (fed), and Fig. 3 shows the serum 
concentration of the OD tablets (fed) vs. Cipro™ (fasted). 

The OD formulation gave a serum concentration time profile desirable for once daily 
dosage form in that the peak serum concentration (Cmax) was comparable to that for the 
immediate release drug indicating a similar rate of absorption of the drug. The total 
10 bioavailability of the drug AUC (0<I ) (Area Under the Curve) was also comparable to that of 
immediate release tablets indicating that all of the drug is released from the formulation during 
ill residence time in the stomach. See Table 25. 

H TABLE 25 


Study 

Cmax (//g/ml) 

AUC ((haJ 
(pg.h/ml) 

Ciprofloxacin 
1000 mg. OD (Fed) 

3.04 

24.81 

Cipro™ 

500 mg Bid (Fasted) 

3.17 

26.28 

Cipro™ 

500 Mg Bid (Fed) 

2.66 

22.39 


Table 26 gives the AUC above MIC at the three levels of 0.1/ig/ml, 0.25//g/ml and 
0.5 //g/ml for ciprofloxacin OD 1000 mg vs. Cipro™ 500 mg bid. These values for 
25 ciprofloxacin OD were better than those for Cipro™ immediate release tablets administered 
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twice daily under fed conditions, indicating better therapeutic efficacy of the OD 
formulation when both immediate and controlled dosage forms were administered after 
food. The therapeutic efficacy of the OD tablets under fed condition was comparable to 
the therapeutic efficacy of the Cipro™ immediate release tablets administered under fasting 
5 conditions. 

TABIE 26 
AUC above MIC 


Treatment 

0.1 //g/ml.h. 

0.25 jvg/mi.h 

0.5 //g/ml.h 

Ciprofloxacin base 
1000 mg, OD (Fed) 

20.7 ± 4.4 

17.4 ± 4.3 

13.2 ± 4.1 

Cipro™ 

2 x 500 mg bid (Fasted) 

21.5 ± 3.7 

18.0 ± 3.8 

13.4 ± 4.0 

Cipro™ 

2 x 500 mg bid (Fed) 

17.68 ± 3.9 

14.2 ± 3.9 

9.7 ± 3.4 


15 ■ !;J v 

CI 

I j Thus, a minor change in the percentage of hydrophilic polymer (sodium alginate) 
fr#n 0.71 % w/w of the composition to 0.34% w/w of the composition resulted in a 
dramatic and unexpected improvement in the pharmacodynamic and pharmacokinetic 
20 parameters, which are important measures of therapeutic efficacy. 

While the invention has been described by reference to specific examples, this was 
for purposes of illustration only. Numerous alternative embodiments will be apparent to 
those skilled in the art and are considered to be within the scope of the invention. 


25 
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CLAIMS 

1 . A pharmaceutical composition In the form of tablets or capsules which constitutes 
an oral controlled drug delivery system, comprising a drug, a gas generating component, a 
5 swelling agent, a viscolyzing agent, and optionally a gel forming polymer, said 

pharmaceutical composition providing a combination of temporal and spatial control of 
drug delivery when ingested by a patient. 

2b: The pharmaceutical composition of claim 1 wherein the drug is selected from the 
10 grpup consisting of therapeutic, chemotherapeutic, antibiotic, anti-cancer, anti-fungal, anti- 
fSirial, anti-ulcer, anti-viral, anti-gout, cardiovascular, antiinflammatory, respiratory, 
immunosuppressant and lipid lowering drugs. 

3. The pharmaceutical composition of claim 1 wherein the drug is selected from the 
1 5 group consisting of ciprofloxacin, acyclovir, diltiazenrji ranitidine, captopril, and their 

pharmaceutical^ acceptable salts and esters. 

4. The pharmaceutical composition of claim 1 wherein the drug is present in an amount 
ranging from about 0.5 mg to 1200 mg. 

20 

5. The pharmaceutical composition of claim 1 wherein the gas generating component is 
a sulfite, a carbonate or a bicarbonate salt. 
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6. The pharmaceutical composition of claim 1 wherein the gas generating component is 
selected from the group consisting of sodium bicarbonate, potassium bicarbonate, sodium 
glycine carbonate, calcium carbonate, sodium sulfite, sodium bisulfite, and sodium 
metabisulfite. 

5 

7. The pharmaceutical composition of claim 1 wherein the gas generating component is 
a gas couple comprising a gas generating salt and an edible organic acid or a salt of an 
edible organic acid. 

U 

10 81 i The pharmaceutical composition of claim 7 wherein the edible organic acid is 

selected from the group consisting of citric acid, ascorbic acid, tartaric acid, succinic acid, 
fuBaric acid, malic acid, maleic acid, glycine, sarcosine, alanine, taurine, and glutamic acid. 

o 

7,' 

9. 5 The pharmaceutical composition of claim 1 wherein the gas generating component 
15 comprises about 5% to about 50% by weight of said composition. 

1 0. The pharmaceutical composition of claim 1 wherein the gas generating component 
comprises about 10% to about 30% by weight of said composition. 

20 11. The pharmaceutical composition of claim 1 wherein the swelling agent comprises a 
superdisintegrant. 
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1 2. The pharmaceutical composition of claim 1 wherein the swelling agent is selected 
from the group consisting of cross-linked polyvinylpyrrolidone, cross-linked sodium 
carboxymethylcellulose, and sodium starch glycolate. 

5 13/ The pharmaceutical composition of claim 1 wherein the swelling agent comprises 
about 5% to about 50% by weight of said composition. 

1f4L The pharmaceutical composition of claim 1 wherein the swelling agent comprises 
about 10% to about 30% by weight of said composition. 

10 u 

1l5f. The pharmaceutical composition of claim 1 wherein the swelling agent comprises 
abbut 10% to about 20% by weight of said composition. 

f s ■ ■ ■. 

16j. The pharmaceutical composition of claim 1 wherein the viscolyzing agent comprises 
15 a carbohydrate gum. 

* 

17, The pharmaceutical composition of claim 1 wherein the viscolyzing agent is selected 
from the group consisting of xanthan gum, tragacanth gum, gum karaya, guar gum, and 
acacia 

20 

18. The pharmaceutical composition of claim 1 wherein the viscolyzing agent comprises 
about 0.1 % to about 30% by weight of said composition. 
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19. The pharmaceutical composition of claim 1 wherein the viscolyzing agent comprises 
about 0.1 % to about 10% by weight of said composition. 

20. The pharmaceutical composition of claim 1 wherein the viscolyzing agent comprises 
5 about 0.1 % to about 7% by weight of said composition. 

21 . The pharmaceutical composition of claim 1 wherein the gel forming polymer 
comprises a water soluble salt of at least one polyuronic acid. 

10 22i The pharmaceutical composition of claim 1 wherein the gel forming polymer 
comprises an alkali metal salt of alginic acid or pectic acid. 

' ; i 

The pharmaceutical composition of claim 1 wherein the gel forming polymer is 
slgpted from the group consisting of sodium alginate, potassium alginate, ammonium 
15 alginate/ and mixtures thereof. 

24. The pharmaceutical composition of claim 1 wherein the gel forming polymer 
comprises about 0.1% to about 20% by weight of said composition. 

20 25. The pharmaceutical composition of claim 1 wherein the gel forming polymer 
comprises about 0.1 % to about 10% by weight of said composition. 
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26. The pharmaceutical composition of claim 1 wherein the gel forming polymer 
comprises about 0,5% to about 5% by weight of said composition, 

27. The pharmaceutical composition of claim 1 further comprising an additional 
5 hydrophilic water soluble polymer. 

28. The pharmaceutical composition of claim 27 wherein the additional hydrophilic water 
soluble polymer is hydroxypropyl methylcellulose, hydroxypropylcellulose, polyacrylic acid, 
of mixtures thereof. 

10 ;: 3 

I: J 

2$S. The pharmaceutical composition of claim 27 wherein the additional hydrophilic water 
s$?juble polymer comprises about 0.5% to about 20% by weight of said composition. 

3d. The pharmaceutical composition of claim 27 wherein the additional hydrophilic water 
15 soluble polymer comprises about 0.5% to about 10% by weight of said composition. 

31. The pharmaceutical composition of claim 27 wherein the additional hydrophilic water 
soluble polymer comprises about 0.5% to about 5% by weight of said composition. 

20 32. The pharmaceutical composition of claim 1 in the form of a tablet which is coated 
with a rapidly dissolving water soluble film forming polymer or a rapidly dissolving 
pharmaceutical excipient. 
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33. A pharmaceutical composition in the form of tablets or capsules for the controlled 
delivery of a drug r comprising the drug in an amount suitable for sustained release to a 
patient, about 5 to about 50% by weight of a gas generating component, about 5 to about 
50% by weight of a swelling agent, about 0,1 % to ?bout 30% by weight of a viscolyzing 

5 agent, and optionally about 0.1 % to about 20% by weight of a gel forming polymer. 

34. The pharmaceutical composition of claim 33 wherein the drug is selected from the 
g^iup consisting of ciprofloxacin, acyclovir, diltiazem, ranitidine, captopril, and their 
pharmaceutically acceptable salts and esters. 

10 n 

•v. » 

35. The pharmaceutical composition of claim 33 wherein the drug is present in an amount 
ringing from about 0.5 mg to 1 200 mg. 

30. The pharmaceutical composition of claim 33 wherein the gas generating component is 
15a sulfite, a carbonate or a bicarbonate salt. 

37. The pharmaceutical composition of claim 33 wherein the gas generating component 
is selected from the group consisting of sodium bicarbonate, potassium bicarbonate, 
calcium carbonate, sodium sulfite, sodium bisulfite, sodium metabisulfite, and sodium 
20 glycine carbonate. 
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38. The pharmaceutical composition of claim 33 wherein the gas generating component 
includes an acid source which comprises about 0.5% to about 1 5% by weight of said 
composition. 

5 39. The pharmaceutical composition of claim 38 wherein said acid source comprises an 
edible organic acid, a salt of an edible organic acid, or mixtures thereof. 

4jQ. The pharmaceutical composition of claim 33 wherein the swelling agent is selected 
fldm the group consisting of cross-linked polyvinylpyrrolidone, cross-linked carboxy- 
10 mfthylcellulose sodium, and sodium starch glycolate, 

41 - The pharmaceutical composition of claim 33 wherein the viscolyzing agent, is 
siefected from the group consisting of xanthan gum, tragacanth gum, gum karaya, guar 
gjiim, and acacia. 

15 

42, The pharmaceutical composition of claim 33 wherein the gel forming polymer is a 
water soluble salt of one or more polyuronic acids. 

43 . The pharmaceutical composition of claim 33 wherein the gel forming polymsr is 
20 sodium alginate. 
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44. The pharmaceutical composition of claim 33 further comprising about 0.5% to about 
20% by weight of an additional hydrophilic water soluble polymer. 

45. The pharmaceutical composition of claim 44 wherein the additional hydrophilic water 
5 soluble polymer is selected from the group consisting of hydroxypropyl methylcelluiose, 

hydroxypropylceliulose, polyacrylic acid, and mixtures thereof. 

4& The pharmaceutical composition of claim 33 in the form of a tablet which is coated 
Wif h a rapidly dissolving water soluble film forming polymer or a rapidly dissolving 
10 pharmaceutical excipient. 

4^. A once daily formulation for the controlled release of ciprofloxacin comprising a 
pliarmaceutically effective amount of ciprofloxacin, about 0.2% to about 0.5% sodium 
alginate, about 1 .0 to about 2,0% xanthan gum, about 10.0% to about 25% sodium 
15 bicarbonate, and about 5.0% to about 20% cross-linked polyvinylpyrrolidone, said 

percentages being w/w of the composition, wherein the weight ratio of sodium alginate to 
xanthan gum is between about 1:1 to about 1:10. 

48. The formulation of claim 47 comprising 69.9% ciprofloxacin base, 0.34% sodium 
20 alginate, 1 -03% xanthan gum, 13.7% sodium bicarbonate, 12,1% cross-linked 
polyvinylpyrrolidone, and optionally other pharmaceutical excipients. 
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49. The formulation of claim 47 in the form of a tablet or a capsule. 

50- The formulation of claim 47 which is coated with a pharmaceutical ly acceptable film 
forming polymer or a pharmaceutical excipient* 
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AB STRAC T 

A pharmaceutical composition in the form of tablets or capsules provides a 
combination of temporal and spatial control of drug delivery to a patient for effective 
5 therapeutic results. The pharmaceutical composition comprises a drug, a gas generating 
component, a swelling agent, a viscolyzing agent, and optionally a gel forming polymer. 
The swelling agent belongs to a class of compounds known as superdis integrants (e.g., 
crciss-'iinked polyvinylpyrrolidone or sodium carboxymethylcelluloseK The viscolyzing agent 
initially and the gel forming polymer thereafter form a hydrated gel matrix which entraps 

10 the gas, causing the tablet or capsule to float so that it is retained in the stomach or upper 
pl|t of the small intestine (spatial control). At the same time, the hydrated gel matrix 
creates a tortuous diffusion path for the drug, resulting in sustained release of the drug 
(temporal control). A preferred once daily ciprofloxacin formulation comprises 69.9% 
cff|rofloxacin base, 0.34% sodium alginate, 1,03% xanthan gum, 13.7% sodium 

15 bicarbonate, 12.1% cross-linked polyvinylpyrrolidone, and optionally other pharmaceutical 
excipients, the formulation being in the form of a coated or uncoated tablet or capsule. 


20 
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•:(Number) (Country) (Day/Momh/Year Filed) 

t hereby claim the benefit tinder 35 U.S.C § 119(e) of any United States provisional application^) listed below. 


(Application Number) (Piling Date) ' 


(Application Number) (Filing Date) 

I hereby claim the benefit under 35 U.S.C. § 120 of any United Stares applications), or § 365(c) of any PCT 
International application designating the United States, listed below and, insofar as die subject matter of each of 
the claims of this application is not disclosed in die prior United States or PCT International application in the 
manner provided by the first paragraph of 35 U.S.C, § 112, 1 acknowledge the duty to disclose information which 
is material to patentability as defined in 37 CFR § 1.56 which became available between the filing dale of the 
prior application and the national or PCT International filing date of this application. 


(Application Number) (Filing Date) (Status-patented, pending, abandoned) 


(Application Number) (Filing Date) (Status-patented, pending, abandoned) 

4746/6Q784-0Q1 NYUBl/3Q6098vt 09/11/98 03:49 PM {02) 
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I hereby appoint the following actonicy(s) and/or agent(s) to prosecute this application and to transact all business 
in the Patent and Trademark Office connect^ therewith: 

Charles Gottman, Reg- No- 29 f 161; Kenneth Rubensteiu, Reg. No. 30,586; Evan L. Kahii, Reg. No. 
3S ( 9J2; Anthony C. Coles, Reg, No. 34,139; and Gregg L Goldman, Reg. No. 3S,S96. 

Address all telephone calls w Partes rmtman at telephone number; (212) 969-3000 
Address all correspondence to Praskauer Rose LIP 

1585 Broadway 

New York, New York 10036 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on 
information and belief are believed to be true; and further that these statements were made with the knowledge 
that willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 
1001 of Title 18 of the United States Code and that such willful false statements may jeopardbee the validity of the 
application or any patent issued thereon. 


Full name of the first or sole inventor (given name, family name): Naresh Talwar 

Inventor's signature: > ****** *^Cf 

Date: > *** ^ v ,Cri§ 

Residence: L-4S-B, Malviya Nagar 

isfew TldhN 110 017 India 

Citizenship: India 

Post Office Address; Same as above — 1 


Full name of the second inventor (given name, family name): 

Himadri Sen 


Inventor's signature: > m . _ 

Date: > 

Residence: D-1/Z5, Qutab Enclave-1, 
Harvana - 122 001 India 

Citizenship: India 

Post Office Address: Same as above 




Full name of the third inventor (given name, family name): 

JohnN. Staniforth 



Date:> rf^< f>( W 

Residence: High Trees, 1*10 Bloomfleld Road / 
Bath. BA2 2AT7 United Kingdom 

Citizenship: United 
Kingdom 

Post Office Address: Same as above 
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Attorney Docket Number: 60794/128 
DECLARATION FOR PATENT APPLICATION 
As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship axe as stated below next to my name. 

I believe I am the original, first and sole inventor (If only one name ia listed below) or an original , first and join: 
inventor (if plural name? are listed below) of the subject matier which is claimed and for which a patent is sought on 
the invention entided 

ORALLY ADMINISTERED CONTROLLED DRUG DELIVERY SYSTEM 
PROVIDING TEMPORAL AND SPATIAL CONTROL 

the specification of which is attached hereto unless the following box is checked: 

_ was filed on _ _____ as United States Application Number or PCX International Application 

Number and was amended 00 - (if applicable), 

I hereby state that I have reviewed and understand the contents of the above Identified specification, including ttie 
claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to patentability as defined in 37 CFR § 1.56, 

I =tereby claim foreign priority benefits under 35 U.S.C. § 119(a) or § 365(b) of any foreign application® for 
patent or Inventor's certificate, or 5 365(a) of any PCT International application which designated at least one 
cp|ntry other than the United States, listed below and have also Identified, by checking the box, any foreign 
application for patent or inventor's certificate, or PCT International Application having a filing date before that of 
dM application on which priority is claimed. 

pjjribr Foreign Application^) Priority Not Claimed 

II tmmm Ma - i? iwt 97 

(Number) (Country) (Day/Month/Year Filed) 

/ / 

(#ftmber) (Country) (Day/Momh/Year Filed) 

1 hereby claim the benefit under 35 U.S.C* § 119(e) of any United States provisional application^) listed below. 


(Application Number) (Filing Date) ' 


(Application Number) (Filing Date) 

I hereby claim the benefit under 35 U.S.C. fi 120 of any United States applications), or § 365(c) of any PCT 
International application designating the United States, listed below and, insofar as the subject matter of each of 
the claims of tills application is not disclosed in (he prior United States or PCT International application in the 
manner provided by the first paragraph of 35 U<5.C> § 112, 1 acknowledge (he duty to disclose information which 
is material to patentability as defined in 37 CFR § 1«56 which became available between the filing date of the 
prior application and the national or PCT International filing date of dais application. 


(Application Number) (Filing Date) (Status-patented > pending, abandoned) 


(Application Number) - (Filing Date) (Status-patented, pending, abandoned) 

A746/807S4.001 NYL1S1/Q060Se vl 09/11/93 03:43 PM (02) 



* JPN 18 '99 14:33 FR PROSAUKER ROSE 212 969 2900 TO 5551417160972011 P. 07/21 


I hereby appoint the following attorney^) and/or agcnt(s) to prosecute this application and to transact all business 
in the Patent and Trademark Office connected therewith: 

Charles Guttman, Reg. No. 29,161; Kenneth Rubenstein, Reg. No. 30,586; Evan L. Kahn, R C g, No. 
35,912; Anthony C. Coles, Reg. No. 34,139; and Gregg L Goldman, Reg. No. 38,89$, 

Address all telephone calls to Charles fiorrman at telephone number: (212) P69-3000 
Address all correspondence to Proskauer Rose LLP 

1585 Broadway 

New York, New York 10036 

I hereby declare (hat all statements made herein of my own knowledge are true and that all statements made on 
information and belief are believed to be true; and further that these statements were n ade with the knowledge 
that willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 
1001 of Title 18 of the United State* Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 


Full name of the first or sola inventor (given name, family name): Naresh Talwar 

$ : Inventor's siffnatura > 

Date: > 

1 J Residence: L-48-B, Malvlya Nagar 
" New Delhi -110 017 India 

Citizenship; India 

: Post Office Address! Same as above 



; Full hum* of tho second invnntor (given name, rmully ntiinc)* Ufmndri Sen 


jlnventor's signature; > '^/^^^^^ll^^^ 

Dat* >/S/9/?£> 

Residence: D-l/25, Qutnb Endnve-1, 
i Haryana - 122 001 India 

Citizenship^ India 

4' ■ 

jPost Office Address; Same as above 


Full name of the third Inventor (given name, family name): John N. Stanifortb 

Inventor's signature: > 

Datei > 

Residence: High Trees, 170 Bloomfield Road 
Bath, BA2 2AU United Kingdom 

Citizenship: United 
Kingdom 

Post Office Address; Same as above 
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